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ABSTRACT
Hand hygiene is the cornerstone of infection prevention but is poorly 
undertaken and under-appreciated by medical, nursing, and other health 
care students. This systematic review aimed to identify and describe 
strategies used to teach the theory and practice of hand hygiene, deter-
mine impact on knowledge and practice, and identify need for future 
education and research. Ten studies met the criteria for review. Health 
care students’ theoretical knowledge of hand hygiene and their ability to 
practise are suboptimal and should be improved before they have contact 
with vulnerable patients. Educational input can increase knowledge and 
practice but the methodological heterogeneity of the studies and lack of 
rigour make it impossible to determine which interventions are most likely 
to be successful. The literature provides little evidence upon which to base 
educational practice in this area. There is a need for multi-centred long-
itudinal studies to measure effectiveness of teaching methods over time.
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Introduction
Patients receiving health care are exposed to the risk of infection (World Health Organization 2009). 
Healthcare-associated infection is the most common untoward event reported among inpatients, 
resulting in considerable morbidity, mortality, distress, and decreased satisfaction with health care 
(National Institute for Health and Care Excellence 2018). It also results in increased costs, and 
treatment hastens the development of antimicrobial resistance. Exposure to micro-organisms able 
to cause nosocomial infection has also been documented in outpatient settings (Bingham et al. 2016). 
Community-associated infections pose an additional threat. Norovirus (Johnston et al. 2007), influ-
enza (Salgado et al. 2002) and SARS-COV-2 (Morawaska et al. 2020) are among the many commu-
nity-acquired pathogens transmissible in hospital. Infection control generally, and hand hygiene 
specifically, is therefore a vital part of maintaining the safety of patient and staff.
Hand hygiene can break the chain of infection, it is accepted as the cornerstone of all programmes 
of infection prevention and control (Pittet et al. 2006) and contributes to reducing the risks of 
antimicrobial resistance (Courtenay et al. 2019). The World Health Organization (World Health 
Organization 2009) has issued comprehensive guidelines and educational materials to promote hand 
hygiene. These recognise key points during patient care when hand hygiene should be undertaken 
based on “Five Moments for Hand Hygiene” (Sax et al. 2007). They also recommend a six-step 
technique to ensure that all hand surfaces receive adequate contact with the cleansing agent (Ayliffe 
et al. 1978). The World Health Organization (2009) guidelines have been widely disseminated and 
uptake is reported to be good (Allegranzi et al. 2013). Campaigns to promote hand hygiene can 
increase adherence to hand hygiene protocols (Gould et al. 2017) and in many countries health 
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workers are required to undertake annual updating to sustain good practice. The same educational 
materials are suitable for medical, nursing and other students enrolled on health-related courses 
(World Health Organization 2009) but poor knowledge and performance are reported (Sundal et al. 
2017; Kingston et al. 2018; Qasmi et al. 2018; Baier et al. 2020) and students consider hand hygiene 
less interesting than other curricular topics (Kaur et al. 2014). Even when adequate theoretical 
knowledge is displayed, students seem unable or unwilling to implement learning into clinical 
practice (Zimmerman et al. 2020). Heavy workload, poor access to alcohol-based handrubs and 
sinks, lack of effective role models and perceived need to model practice according to local custom, 
including a reticence to challenge those in more senior positions, and overconfidence in ones own 
ability have all been suggested as factors reducing students’ adherence to hand hygiene protocols 
(Barrett and Randle 2008; Cresswell and Monrouxe 2018; Bushuven et al. 2020; Zimmerman et al. 
2020).
Furthermore, there are a variety of similar terms, including antiseptic handwashing, hand 
antisepsis/decontamination/degerming, handwashing, hand cleansing, hand disinfection, and 
hygienic handwash, which may cause further confusion (World Health Organization 2009).
Health care students spend a significant part of their programmes delivering patient care in 
clinical settings, often from an early stage in their course and frequently move between different 
clinical areas, placing them at increased risk of acquiring and transmitting infection. Lack of 
knowledge, suboptimal performance, and poor motivation to undertake hand hygiene could 
increase infection risks. We undertook a systematic review of the literature to identify and describe 
strategies used to teach health care students the theory and practice of hand hygiene and determine 
its impact on knowledge and skills.
Materials and methods
All studies evaluating the impact of interventions to increase knowledge and practice and promote 
positive attitudes to hand hygiene were eligible to be included regardless of study design. Studies 
were eligible irrespective of whether hand hygiene was the main focus or was considered as part of 
a clinical procedure (e.g. dressing change) providing the necessary data could be analysed sepa-
rately. Educational initiatives not based on WHO hand hygiene guidelines (World Health 
Organization 2009) were excluded because they do not reflect current policy and practice. There 
were no language restrictions. Pubmed and Embase were searched using the terms hand hygiene 
AND (teaching OR education) AND student (see supplementary file for full details); and hand 
searching of reference lists and an internet search was also conducted. Quantitative data were 
extracted by two authors, and forest plots drawn in the R package meta (Balduzzi et al. 2019); 
qualitative results were independently extracted and compared.
Results
The searches identified 476 papers (see supplementary file). Of these 13 appeared potentially eligible 
for inclusion. On detailed reading three were rejected. One study (Bloomfield et al. 2010) pre-dated 
publication of the World Health Organization (2009). Two (Fisher et al. 2010; Weber et al. 2016) 
were concerned with surgical scrubbing. Ten studies therefore met the review criteria. Two 
members of the research team read each paper to decide whether it met the inclusion criteria and 
undertook data extraction. Third party arbitration was available in cases of disagreement but was 
not necessary.
Included studies
Three studies were undertaken in the Far East (Fisher et al. 2010; Salmon et al. 2013; Suen et al. 
2019), one in Germany (Scheithauer et al. 2012), two in the United States (Lavigne and Curran 
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2015; Kornicki and Miller 2016) and one each in Australia (Kaur et al. 2017), India (Chauhan et al. 
2019), Finland (Korhonen et al. 2019) and Turkey (Kısacık et al. 2021). Four studies were under-
taken with medical students (Fisher et al. 2010; Scheithauer et al. 2012; Kaur et al. 2017; Chauhan 
et al. 2019), five with nursing students, (Salmon et al. 2013; Kornicki and Miller 2016, Korhonen, 
Suen et al. 2019; Kısacık et al. 2021), and one with pharmacy students (Lavigne and Curran 2015). 
Some studies recruited students at the earliest possible stage in their course (Kornicki and Miller 
2016), others recruited more senior students (Fisher et al. 2010), and some research teams included 
students at different points in their studies (Scheithauer et al. 2012).
Fisher et al. (2010) evaluated medical students’ satisfaction with an educational initiative con-
sisting of training then contributing to the work of hand hygiene audit teams on wards. There were 
no baseline data. In the other initiatives outcome measures included knowledge, excellence of 
practice, attitudes towards hand hygiene and satisfaction with the learning experience. Five pub-
lications reported uncontrolled before-and-after study designs (Scheithauer et al. 2012; Salmon 
et al. 2013; Lavigne and Curran 2015; Kaur et al. 2017; Chauhan et al. 2019). One reported a non- 
randomised trial (Korhonen et al. 2019). Three publications reported randomised controlled trials 
(Kornicki and Miller 2016; Suen et al. 2019; Kısacık et al. 2021) and of these one was double-blinded 
(Kısacık et al. 2021), one was a single-blinded trial in which data analysts were unaware of students’ 
group allocation (Suen et al. 2019) and in the third trial details of blinding were not apparent 
(Kornicki and Miller 2016). Students recruited to the experimental groups in the trials received 
additional teaching and practice. Those in control groups received usual education for hand 
hygiene. In the other studies the novel education was received in addition to usual practice by 
student volunteers.
There was a move away from conventional, didactic teaching methods, fuelled by awareness of 
the need to avoid over-burdening an already full curriculum and need to engage students’ interest. 
In five studies infection prevention teams helped develop the intervention (Fisher et al. 2010; 
Scheithauer et al. 2012; Salmon et al. 2013; Kornicki and Miller 2016; Chauhan et al. 2019). Two 
studies were described by the authors as feasibility studies intended to preface larger scale inter-
ventions (Fisher et al. 2010; Kornicki and Miller 2016).
Three initiatives provided input on both Five Moments (when to cleanse hands) and the six- 
step hand hygiene technique (Salmon et al. 2013; Lavigne and Curran 2015; Chauhan et al. 2019). 
Of the remainder, three initiatives concentrated on technique (Kornicki and Miller 2016; Suen 
et al. 2019; Kısacık et al. 2021) and one on Five Moments (Fisher et al. 2010). Three other 
research teams did not describe content of the intervention in detail (Scheithauer et al. 2012; Kaur 
et al. 2017; Korhonen et al. 2019). In one study the intervention consisted of a training session 
followed by practical experience auditing hand hygiene in wards (Fisher et al. 2010). In four 
studies hand hygiene technique was demonstrated with an ultra-violet (UV) light box and 
fluorescent dye (Scheithauer et al. 2012; Kornicki and Miller 2016; Suen et al. 2019; Kısacık 
et al. 2021). In four studies theoretical and practical teaching by video were followed by practice 
in classroom settings without the use of UV technology (Salmon et al. 2013; Lavigne and Curran 
2015; Chauhan et al. 2019; Korhonen et al. 2019). In one of these studies students additionally 
identified hand hygiene opportunities and adherence on video-taped clinical scenarios (Salmon 
et al. 2013). Scenario-based learning with small group discussion was used to augment lectures in 
one initiative (Kaur et al. 2017) and in another study students’ hands were cultured before and 
after hand hygiene to provide further visual evidence of the impact of hand hygiene (Kornicki 
and Miller 2016). Sample sizes ranged from 52 (Suen et al. 2019) to 400 students (Salmon et al. 
2013). In one initiative students were recruited from two universities (Korhonen et al. 2019). In 
a second study recruitment was from three schools of nursing (Salmon et al. 2013). The 
remaining studies all took place in a single centre. One initiative (Kaur et al. 2017) formed part 
of a much larger investigation in which the intervention was based on considerable pre-pilot work 
to establish the approach to teaching most likely to be effective and to be acceptable to students 
(Kaur et al. 2014).
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Two research teams (Kornicki and Miller 2016; Kısacık et al. 2021) used a validated scale to 
assess students’ attitudes to hand hygiene and employed a validated questionnaire to determine 
which areas of the hands escaped contact with the cleansing agent. The other research teams using 
UV technology undertook simple counts of missed areas (Scheithauer et al. 2012; Suen et al. 2019). 
Salmon et al. (2013) assessed students’ practice in simulations and in clinical settings. In four studies 
practice was observed with simulated data in classroom settings (Lavigne and Curran 2015; Kaur 
et al. 2017; Chauhan et al. 2019; Korhonen et al. 2019). In the remaining studies performance, 
knowledge, and attitudes were assessed by self-report questionnaires designed for rapid completion, 
usually employing tick-box Likert scales developed especially for the study. In seven studies 
knowledge and practice were assessed immediately after delivering the intervention or within 4– 
6 weeks (Fisher et al. 2010; Scheithauer et al. 2012; Lavigne and Curran 2015; Kornicki and Miller 
2016; Chauhan et al. 2019; Suen et al. 2019; Kısacık et al. 2021). In one study follow-up data were 
collected 6 months post-intervention (Kaur et al. 2017) and in two studies monitoring continued 
over 2 years (Salmon et al. 2013; Korhonen et al. 2019). Knowledge and practice were generally low 
at baseline and in the non-randomised trial significantly greater knowledge was documented for 
students in the experimental group compared to the controls (Korhonen et al. 2019).
Post-intervention improvement in knowledge, practice and positive attitudes towards hand 
hygiene were reported in all publications except for the randomised controlled trial undertaken 
by Kornicki and Miller (2016). The students in this study were newly enrolled in the first year of the 
course. Lack of improvement in hand hygiene technique at follow-up was attributed to their high 
levels of anxiety and lack of familiarity with university IT systems. Ability to concentrate on the 
simulated exercise was compromised and they are reported difficulty responding to negatively- 
worded items on the data collection questionnaire.
Outcomes from the controlled trials that could reasonably be turned into standardised mean 
differences are shown in the forest plot in Figure 1. There was no attempt to pool results because the 
resultant pooled estimate would have no intuitive meaning, but there was significant heterogeneity 
between outcomes (Q = 73.49, df = 4, p < 0.001, I2 = 94.6%). Not all outcomes were improved by the 
interventions tested, although in most cases any change was not statistically significant; apart from 
the increase in hand hygiene skills in the study by Kısacık et al. (2021). The very wide confidence 
intervals are reflective of the small sample sizes of these studies. Perhaps of most interest here is the 
difference in length of hand hygiene after clinical and academic training. Another study found no 
significant difference between groups on knowledge (Kornicki and Miller 2016).
Data from the before and after studies are shown in Figure 2. Although most outcomes showed 
an increase after the intervention, the limitations associated with before and after studies on the 
same participants make the clinical significance of this harder to judge. Perhaps of particular 
interest is the finding that after the intervention, there was increased awareness that some clinical 
situations might make hand hygiene more difficult (Chauhan et al. 2019). Although there were 
differences in outcomes there was less heterogeneity than the comparative studies (Q = 14.75, df = 6, 
p = 0.022, I2 = = 59.3%), and the larger sample sizes in some of the studies has led to a more precise 
estimate of the population value.
Figure 1. Summary statistics from controlled studies.
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Discussion
Despite the importance of the topic, ours appears to be the first systematic review to explore how 
health care students are taught about hand hygiene. This lack of attention is surprising given the 
emphasis placed on hand hygiene globally (World Health Organization 2009; Allegranzi et al. 2013; 
Gould et al. 2017), its contribution to the containment of antimicrobial resistance (Courtenay et al. 
2019) and the need to update clinicians regularly to ensure that knowledge, skills, and motivation 
are sustained (Drey et al 2020). There appears to be lack of appreciation of the risks associated with 
students’ suboptimal hand hygiene performance and failure to appreciate that they are the future 
role models and custodians of good clinical practice. The included studies reported the low levels of 
baseline knowledge and performance previously identified in cross-sectional surveys (Sundal et al. 
2017; Kingston et al. 2018; Qasmi et al. 2018; Baier et al. 2020; Zimmerman et al. 2020).
Considerable methodological heterogeneity was apparent in the ten included studies. The 
initiatives were reported from seven countries and involved different occupational groups and 
students at different stages in the course. Approaches to assessment and data collection varied. 
There was considerable variability in content and approach to education. Methodological quality of 
the studies was disappointing; with a large number being uncontrolled before and after studies and 
with very small numbers of participants. Reliance was placed on data drawn from single centres and 
small samples, jeopardising external validity while numerous threats to internal validity were also 
identified. Most initiatives were either uncontrolled or controlled inadequately. Participation was 
usually voluntary, recruitment was challenging in some cases, and in others retention was proble-
matic. Even where whole cohorts were invited to participate, it may be that only those who were 
motivated to learn participated; it is impossible to know about the relevant motivations of those 
who did, and did not participate. Heavy reliance was placed on the use of self-reported scales to 
document practice although student report is a poor indicator of students’ hand hygiene perfor-
mance: over-confidence and tendency to inflate adherence are both well-established (Cole 2009; 
Bushuven et al. 2020). A scale to assess student health workers’ knowledge and attitudes to hand 
hygiene has been developed (Van De Mortel 2009) and validated (Karadag et al. 2016) but was 
adopted by only two research teams and of these, one reported that students encountered difficulties 
with completion. The other research teams employed scales developed in-house with scant evidence 
of validation. Of the four studies reporting use of UV technology to assess hand hygiene technique, 
only two employed a validated instrument to document thoroughness. This is disappointing, 
bearing in mind that educational institutions profess to champion evidence-based practice; but 
appear unable to do so themselves.
The studies are insufficiently robust to be used as evidence to inform best educational policy and 
practice but collectively the authors highlight problems that need to be tackled immediately. These 
could be addressed without further research. As there is little doubt that students’ poor hand 
hygiene performance can contribute to cross-infection, they should receive regular updates in the 
same way as qualified staff and be included in regular audits with performance feedback if they are 
Figure 2. Summary statistics from before and after studies.
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present on wards when audits are taking place. The barriers that students encounter in relation to 
hand hygiene (Barrett and Randle 2008; Cresswell and Monrouxe 2018; Zimmerman et al. 2020) are 
the same as those reported by qualified staff and if addressed at institutional level, would do much to 
promote hand hygiene adherence in qualified staff and those training (World Health Organization 
2009).
Future research to explore the most effective ways of delivering hand hygiene education need to 
be more robust in terms of study design, approaches to sampling and assessment of performance. 
The studies reviewed represent practice in individual institutions. The United Kingdom and many 
other countries lack centrally mandated methods of teaching hand hygiene, probably leading to 
wide variation in methods. Small, single-centre studies provide an imprecise estimate of the effect of 
these interventions in the population and may actually measure the quality of educational excel-
lence in the institution rather than the intervention per se. A multi-centred approach is needed to 
overcome this limitation. There is a need for future studies to be more comprehensive. Students 
need to know both when and how to undertake hand hygiene, with opportunity to practise safely in 
simulations early in the course before they begin to practice in busy wards and departments. Sound 
understanding of the theory underpinning hand hygiene and experience in simulations would allow 
them to develop the confidence necessary to challenge poor practice witnessed in clinical settings 
and to request better resources to undertake hand hygiene. The educational interventions employed 
had moved away from didactic teaching to more student-centred methods but none harnessed the 
potential of newer technology such as electronic hand hygiene monitoring systems (Srigley et al. 
2015) and “gaming” programmes (Higgins and Hannan 2013) to promote hand hygiene adherence 
although evaluations with qualified practitioners are encouraging. However, evaluations of teaching 
often concentrates on student satisfaction rather than the effectiveness of the teaching. Further 
work could be undertaken to explore their potential with students in simulated wards. In particular 
it would be useful to understand the relative motivations of those who do, and do not perform hand 
hygiene in such situations. None of the research teams reported use of objective structured clinical 
examinations (OSCEs) although they are used routinely in medical and nursing education.
A recent review examining behavioural interventions to improve hand hygiene has noted 
a change in emphasis from direct measures such as providing alcohol hand-rub towards more 
motivational techniques. These include goal setting and planning, comparing individual and group 
behaviour, and provision of feedback (Sands et al. 2020). It may be that newer educational 
interventions are making a similar move from didactic teaching to a more reflective approach.
When considering educational interventions it is important to consider cognitive learning, 
psychomotor, and affective skills (World Health Organization 2009); and to work towards includ-
ing the higher levels of a taxonomy such as that by Bloom which deal with synthesis and analysis; as 
well as the lower levels of knowledge, comprehension and application (Adams 2015). However, as 
with the behavioural change interventions, unpicking and identifying each of these in an individual 
educational intervention which forms part of a broader educational programme can be challenging 
(Sands et al. 2020). A more reflective approach might also elevate patient safety to the same level as 
that of personal protection, which may for some be a more compelling force for change (Borg et al. 
2009).
Patient safety concerns are common, one study suggesting that 62% of doctors and 80% of nurses 
reported at least one safety concern in the last four weeks (Schwappach and Richard 2018). 
However, speaking-up in case of poor hand hygiene may be rare, particularly if there is 
a hierarchical imbalance (Bushuven et al. 2020). The negative impact of hierarchies on voicing 
safety concerns has been noted more broadly, along with the expected behaviours and socialisation 
of nurses within the care team (Morrow et al. 2016).
The main limitation of this review is the risk that potentially eligible studies were not identified 
by the searches. No research terms to identify the required publications exist. It is possible that in 
some organisations much of the input on hand hygiene is taught in relation to specific clinical 
procedures. None of the studies picked up in the searches described interventions taught in this 
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way, perhaps explaining why OSCEs were not mentioned. There may be locally held audit-data that 
could be of use, but which is not publicly available.
Published research in this area comes mainly from high income countries with advanced 
educational and health services. Although hand hygiene is important in all settings, benefits of its 
promotion might be most keenly felt in lower income countries where it has been shown to be 
among the most cost-effective public health interventions (The Global Handwashing Partnership. 
Economic Impact. 2021). Further research in these setting would be of immense value.
Conclusion
Health care students’ theoretical knowledge of hand hygiene and their ability to practise may be 
suboptimal and it is important to ensure that they are competent before they have contact with 
vulnerable patients. The review indicates that educational input can increase knowledge and 
improve practice but the methodological heterogeneity of the studies and lack of rigour make it 
impossible to determine which interventions are most likely to be successful. Nevertheless, the 
review was able to highlight areas where improvements in practice could be made. The complexity 
of teaching a seemingly simple task needs to be addressed more rigorously, in particular the 
structural and hierarchical aspects, and the multidisciplinary nature of the subject which includes 
all of those working in healthcare settings.
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